Abstract. The fundamental nature of Dark Matter (DM) has not been established. Indeed, beyond its gravitational effects, DM remains undetected by present experiments. In this situation, it is reasonable to wonder if other alternatives can effectively explain the observations usually associated with the existence of DM. The modification of the gravitational interaction has been studied in this context from many different approaches. However, the large amount of different astrophysical evidences makes difficult to think that modified gravity can account for all these observations. On the other hand, if such a modification introduces new degrees of freedom, they may work as DM candidates. We will summarize the phenomenology of these gravitational dark matter candidates by analyzing minimal models.
Introduction
Several astrophysical observations conclude that the main amount of the present matter content of our Universe is in form of unknown particles that are not included in the Standard Model (SM) of particles and interactions. There are many well motivated candidates to account for this missing matter problem. However, the introduction of new degrees of freedom is not only well motivated within the gravitational sector, but absolutely necessary. Indeed, the non-renormalizability and non-unitarity of the Einstein-Hilbert action (EHA) demads its modification at high energies. In this contribution, we will discuss that this correction required the introduction of new states. These new fields will typically interact very weakly with SM fields and behave as dark matter (DM).
R 2 -gravity
However, the ultraviolet (UV) completion of the gravitational interaction is an open question, and it is difficult to make general statements about its phenomenology. We will work in a minimal approach with the purpose of capturing the fundamental physics associated with this question. The first corrections to the EHA at high energies, may be provided by the inclusion of four-derivative terms in the metric preserving general covariance. In addition to the usual massless spin-two graviton, these terms support a massive spin-two and a massive scalar, with a total of six new degrees of freedom [1, 2] . Although, four-derivative gravity is renormalizable, the massive spin-two modes are ghost-like particles associated with the breaking of causality, new unitarity violations, and inadmissible instabilities [3] .
On the contrary, if the correction is determined by a term proportional to the square of the scalar curvature, the gravitational interaction is phenomenologically viable. The so called R 2 -gravity is free of ghosts although it does not improve the UV problems of Einstein gravity.
However, it introduces a new scalar degree of freedom, which illustrates our idea in a minimal way. Indeed, its mass m 0 is related to the only new constant in the action (1):
GeV, Λ ≃ 2.3 × 10 −3 eV, and the dots mean general UV corrections that must be present in the model to complete the high energy theory. In [4] , is has been shown that just the Action (1) can describe the late time evolution of our Universe, since the first term is able account for the dark energy (DE), whereas the third term can explain the dark matter (DM). The Einstein's Equations (EEs) associated with R 2 -gravity [5, 6] can be written as (following notation from [7] ):
Here
η µν is solution of the above equation. Indeed, the energy stored in the mentioned oscillations have a cold DM at leading order. This massive mode is an independent degree of freedom that eventually will cluster and produce a successful structure formation if it is produced properly.
Misalignment mechanism
The thermal production is expected to be affected by higher order corrections to the Action (1). At temperatures T ≫ Λ G ≡ √ M Pla m 0 , the complete UV gravitational interaction will be fundamental to study the cosmology. Nevertheless, there are other sources for the abundance of this field that can be analyzed from Eq. (1). In the same case that other bosonic degrees of freedom [8, 9] , this particle may be produced by the so called misalignment mechanism. In general, the initial value of the scalar mode (φ 1 ) would not coincide with the minimum of its potential (φ = 0) for H(T ) ≫ m 0 . Below the temperature T 1 for which 3H(T 1 ) ≃ m 0 , φ oscillates around this minimum. In such a case, the initial number density: n φ ∼ m 0 φ 2 1 /2 (with φ 1 = φ(T 1 ) 2 ), evolves as dust or non-relativistic matter. Indeed, as such a number density scales as the entropy density of radiation (s = 2π 2 g s1 T 3 1 /45) for adiabatic expansions, we can estimate the abundance with the following expression:
Here ρ crit ≃ 1.0540 × 10 4 eV cm −3 is the critical density, s 0 = 2970 cm −3 is the present entropy density of radiation, and γ s1 is a factor that takes into account the increment of entropy in a comoving volume since the onset of the oscillations. we can estimate T 1 by solving m 0 = 3H 1 (T 1 ).
In particular, for a radiation dominated universe at T 1 (3H 1 = π(g e 1 /10) 1/2 T 2 1 /M Pla ):
It impolies an abundance of:
where g e 1 and g s1 are the effective energy and entropy number of relativistic degrees of freedom at T 1 respectively. Initial values for the scalar mode of the order of φ 1 ∼ 10 12 GeV can account for the total DM abundance (see Fig. 1 ). These values are consistent with our perturbative approach of the background metric ||∆g µν /ĝ µν || ≤ 10 −6 .
Torsion-balance measurements
On the other hand, the new scalar graviton mediates an attractive Yukawa force between two non-relativistic particles of masses M 1 and M 2 :
where α = 1/3 [2] . Torsion-balance experiments introduce the following lower bound on the mass of the new scalar mediator [10, 11] :
This constraint does not depend on the misalignment or any other supposition about the relic abundance.
Cosmic rays
Depending on such a relic abundance, m 0 may have an upper bound. The e + e − decay is the most constraining channel if φ constitutes the total DM. Its decay rate can be written as:
(r 2 e − 1)
where r e = m 0 /(2m e )). The restriction is set by measurements of the SPI spectrometer on the INTEGRAL (International Gamma-ray Astrophysics Laboratory) satellite. It has observed a 511 keV line emission of 1.05 ± 0.06 × 10 −3 photons cm −2 s −1 coming from the Galactic Center (GC) [12] . This very monochromatic flux is consistent with the spectrum coming from e + e − annihilation and it agrees with previous observations. However, the source of the positrons is unknown. Decaying DM could be a possible source for masses 1 MeV ≤ M DDM ≤ 10 MeV [13] if its decay rate in e + e − verifies [14, 15, 16, 17, 18, 4] :
and the local DM structure has associated a cuspy profile [18] ). As one can see in Fig. 1 , R 2 -gravity can explain this positron production, but it demands a lower abundance unless if the mass m 0 is very close to 2 m e . If m 0 ≥ 1.2 MeV, the new scalar graviton cannot constitute the total local DM since it will originate a larger intensity for the 511 line. If m 0 ≥ 10 MeV, the gamma rays produced by inflight annihilation of the positrons with interstellar electrons sets more important limits than the 511 keV flux [13] . Finally, if m 0 < 2 m e , the only observable decay channel is in two photons. The rate has been computed in [4] :
It is difficult to detect these photons in the isotropic diffuse photon background (iDPB) if m 0 ≤ 1 MeV [19, 18] . The analysis is associated with the search of gamma-ray lines at E γ = m 0 /2 from localized sources is more promising, but only the heavier allowed region of the parameter space may be explored with reasonable improvements of present detectors [19] . Figure 1 . The parameter space of the model has two parameters: m 0 is the mass of the new scalar graviton, whereas φ 1 is its displacement with respect to the minimum of the potential for 3H ∼ m 0 . In this figure, g e 1 = g s1 ≃ 106.75, and γ s1 ≃ 1 are assumed. The left side is excluded by Torsion-balance experiments. The right one is ruled out by non-observation of cosmic-ray signals. In the limit of this region, R 2 -gravity may be the positron source to produce the 511 keV line coming from the GC [12] . The upper region is excluded by the overproduction of this new mode. On the other hand, this mode can account for the total DM of the standard cosmological model on the diagonal line. This figure has been taken from [4] .
6. Conclusions DM has been typically assumed to be in the form of stable Weakly-interacting massive particles (WIMPs). They arise in well-motivated theoretical frameworks as in supersymmetry (SUSY) models with R-parity conservation [20, 21] , or models with additional spatial dimensions, such as universal extra dimensions (UED) [22, 23] , or brane-worlds [24, 25, 26] . However, there are many other possibilities. In this work, we have analyzed the scenario in which the DM merges from high energy corrections of the gravitational interaction. We have illustrated this idea with the scalar mode associated with R 2 -gravity, but these type of fields are present in many different theories beyond the standard model such as extra dimensions, supersymmety or string theory. Another interesting feature of WIMPs, it is that they can be observed at the LHC or in the new generation of colliders [28] . This type of phenomenological options are not promissing for this super-weakly interacting DM studied in this analysis. However, Torsion-balance experiments or cosmic rays observations [29] are sensitive to the gravitational DM discussed in this analysis.
